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<5> ^-a^^^ ^<?!7j-^<^l^ ^l-^^;^l]<il Al-Killed7j-3l- IF7j-(Interstitial Free SteeD^l 



<6> Ai-Killed7j-2^ ^^^1^ <=j=^ ul-g-^^7> ^Qr^^lJl SX'^ w]a]Jl^a^^ 

a-^^>i^A| ^^^-12^:^ 10~20Mpa cii^^sl-^* 7>:?lcf. d^^^^s]^ 

<7> IF^J-o] ;g^oi]^ Ti, Nb* ^^j-^H 7J-^<=H1 13::^ ^^^-j -^^^^H 

. ^^^^^^ -^^^1^ ^^^^S., o] ^^^sl-s.^^^^ ^<^^ ^o] IF^J-olTil-. 4i 

^-SflA]^ ^7]-5]^ <y= ^Vt^e}, ^7>£l^ Ti SE^ Nb-Sl 1:^, Ti , 

Nb4 iS:-g-^>c^ ^#1-^ ^|^d-5>^ ^fl^ ^^'='11-^1 ^1^^ «llo>^l-^^ 9} 

^^^91 #^^:y-7> o^B^-fi^, ^s^i^1-§-:£ ^^o] o^^v].. 



^ Ti, Nb^ ^7>^]-^l ^^T^A-^ ^##<^1 ^tb Ji^ltd^^^ ::i^^^S|-^ 

^7] ^^d^>7l ^«3: ^ ^T^^ ^-S^J-^^, ^^%^ C: 0.003-0. 005%, 

Mn:0.03~0.2%, 3:0.003-0.025%, Al : 0.01-0. 08%, N:0.004%«^1^>, P:0.015%<il^>, Cu:0.005~0.2%, 
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Si :0. 1-0. 6%, ^7] Mn, Cu. S7> Mn+Cu^O.3, 0.5*(Mn+Cu)/S:2-20» ^^^>J1, M- 

^^1 Fe ^ 7lEf 1:71-^1 Ir^l-S. 2^-^^z\v^, ^ 5371 7]- 0.2m'^]^}^ ^]^'^^^. 



<io> ^ ^i^^^l^l MnS, CuS, (Mn.Cu)S^ ^Bfl^ ^^i^ , o]^ -^^^^ 

2.2X1067fl o]^o]t:]-. 0.5*(Mn+Cu)/S:2-7^ 2::?i*H^i^ ^S.^^ ^7}^^. 



t3 TT ^ 



^<?!7J-:^ C: 0.003-0. 005%, Mn:0.03~0.2%, 

3:0.003-0.025%, Al : 0.01-0. 08%, N:0.004%<:>1*K P:0.015%ol^K Cu:0.005~0.2%, Si :0. 1-0.6%, 
^7] Mn, Cu, S7> t\-^o^ Mn+Cu^O.3, 0.5*(Mn+Cu)/S:2-20» ^^-^-Jl, ^'^^] Fe ^ 7] 

^ l:7>3i|^ S^^S]^ 1100 °C ^1^1-^ ^^7}'^^ ^ T^l-^sl <?^<^^:£1- Ars 

^>cx^ l^^'S^I-Jl 300°C/min'^l-bT-^ 700°Col^l-^ ^-S'^l^i 

€#1^3: T=f^, 50-90%^ <a-^V#^ ^-^a^V^, 500-900 °C ^S. ^^<^]^'\ 



Si^7V J17^S. ^<^7^^6]] Ti, Nb# ^7}^}^] 

^^^^^ ^^^^O.^ ^^IcH^V^^i T=il^il^>7fl ^^Aj^llg -&j-47j-£7f 7^d]]X] ± 

^-H-7j-:£7]- 3.7]] ^7}^}^t^], o]^ MnS, CuS, (Mn,Cu)S^ ^##'^1 Jl-§-^^<^l 
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£ lofl ^E]-\3: ^o], si^7> Ji7j-i vSQ^7j-^<^lAi MnS, CuS, (Mn,Cu)S^ 

i^l^-fl^l-Tll -S-il-^^ Ji-g-^^^o] ^-^y^^Bi ^^^^o] 

0.003-0.005%^ ^-f^l^ ^^711 ^Cf. o]^^ Pl/il§>7ll ^S.^}^ 

■5j.47j-s.s ^V^Al7]^ ^ o.^ ^11- ^Sfl^i^ ^^o] ^^ol 0 . 003-0 . 005%^ 

S^£Ho> ^Brl-i:.^^ MnS, CuS, (Mn.Cu)S^ ^^3.7l7> 0.2im'']^\A € ^ ^^^^-^^ 



^-8: ^flS.^ A>^<^1 ^^^f'^ MnS, CuS, (Mn,Cu)S^ i^l^il^>7ll ^^^17]^ «j-<ttoll 
tfl^]-o^ <g^-5r>7ll ^SXt}^. n. ^af, (1) Mn^ 0.03-0.2%, S^ 0.003-0.025%, Cu^ ^ 

0.005-0.2%^ -arV^A-l ^7] Mn, Cu, S^ "t^* Mn+Cu^O.3, 
0,5*(Mn+Cu)/S:2-20^ ^^s->S.-S- S^-s-]-^ ^o] ^A^]-p^ ^ (2) o]^ -^^^i] <^^<^<^ol ^ 

300°C/min^l-^l--^^ MnS, CuS, (Mn,Cu)S^ ^^3.7)7} 0,2m'=>]^}S. 

^ . £ 2(a)^ 0 . 0042%C-0 . 14%Mn-0 . 009%P-0 . 015%S-0 . 04%Al-0 . 0024%N-0 . 03%Cu-0 . 42%Si 91 
0.5*(Mn+Cu)/S:5.67^ 2:-^^^ ^j-^ ^^^"^^ ^^^^£^1 3.7l» S-^V 

m^^o]x^^ 3£ 2(a)^ ^2fl^# 0.5*(Mn+Cu)/S^20» ^^^V^ ^-fo]] tflsfl ^z]-^ 
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2:^^1-13 MnS, CuS, (Mn,Cu)S^ ^##<^1 ^^3L7]7> 0.2^"^]^-^ ^^-^ ^ SX^4r ^■'^ 



. <17> 



'^^^] tcl-sl- C : 0 . 003-0 . 005% , Mn:0.03~0.2%, 3:0.003-0.025%, P:0.015%ol^l-, 

Al: 0.01-0. 08%, N : 0 . 004%ol ^1- , Cu : 0 . 005-0 . 2%^ Si: 0.1-0. 2% ^71-^1-^^^, ^7] Mn, 

Cu, S7> rf^o^ Mn+Cu^O.3, 0.5*(Mn+Cu)/S:2-20# ^ib^^l-^ ^^^;^l<=HlAi -^^#1-^ ^^3. 



<18> 



^^}7}, ^ ^^^m^ MnS, CuS, (Mn,Cu)S^ ^##'^1 ^i^il^i Mn^f Cu^ ^^a^^^ 
MnS^ CuS^ ^-E-A^^^ol ^^1-^^^ ^##0] ^^§]-7]l ^iSjc^l cii^^ o] laj-^^ ;<] 

0.5*(Mn+Cu)/S^ Wl7l- 2-7^ ig^<g nfl, (Mn,Cu)S^ ^-^a^^^ ^v]. m^S^- CuS^ 

1 



<19> 



<20> 



^^7J-^] 
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<21> 



^:ii(C)^ 0 . 003-0 . 005%7l- «>^3j§>cf. 



<22> 



^di(C)^ ^^o] 0 . 003%i^1 T?>^ ^-f<^l^ db^^sj-^o] ^:n., 0 . 005%2i3|- o:| 



"d-^(Mn)^ 0.03-0.2%7> Ta>^^!§l-cf . 

^J-^^ MnS^ ^t!: ^"I^l^^CHot shortness)* ^^:^] 

MnS7> ^#£1^ ^#1:^ ^^'^l^ ^iii7} :£^>di^^-1 s:]2)-;g<^l^i 

S\o] -ej-^^j-Jt* ^7>Al^cf^ -^^^izl-oil 7l^^H ^^^^ 0.03-0.2%^ -sl-^ ^o] y]- 

^^i^Vrf. i^J-^o:] -^^o] 0.03%i^l^^ ^^^1^ ^T-Bfl^ ^^^1-^ %^ ^^<^1 ^7] xil]^ 

^^#)^^<^1 ^^S* ^ Si-^T^, ^J-^^ 0.2% ^^j-oi] ;^4.oll^ -^^o] ^o} s 



<25> %(S)^ -^^^ 0 . 003-0 . 025%7> Hl-^^^l-ul-. 

<26> %(S)^ -^^"^l 0 . 003%T^1 T?]:^ ^^<^1^ MnS, CuS, (Mn,Cu)S ^#^^1 '^'H&l- 

^#-1-^ a7l7> Pfl^ 2:te^;?^ ^^;g5|.^^^ol ^rf. ^^o] 0.025% ^5i)- 

7l 



<27> ^^t3l^(Al)ol 0.01-0.08%7> wV^^j^l-tq-. 
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<28> 



<29> ^d^(N)^ 0 . 004%ol -erVjl- Hf^^j^l-rf. 



<30> 



-SrJl-sl ^7Vsl^ -SdiS 0.004%^3)-o^ ^-f<^l^ ^^^^^6] /ci^>^]-s 



0 . 004%<il ^1-71- «>^3i^l-rf. 



<3i> ^(P)^ 0 . 015%ol ^}7]- 



<32> 



010:1 ^^o] 0.015% ^sfo^ ^-foll^ ^ ^^^^^<^1 ^i^>^l-H.S. 0.015%ol^>s 



<33> -iel^CSi)^ ^^-Br 0.1~0.6%7> 4^21 ^>T:f. 



<34> 



* 7j-oi]Al al7j-£» ^s^^o;] -^^o] 0. l%ol^V£] c>| y^^^ ^M.^ ^ 91 



<35> rfL5^(Q^)o^ 0 . 005-0 . 2%7l- 4^:^)^1-4. 



21-10 



1U20030098745 ^^ <g;<}: 2004/11/24 

0.2^^11161 ^#1-^ ^-^^^l-Jl ^^<=^1^ ^db7> 

^^•le^^^'^l^i -B-«fl^^ ^^7j-i7> ^^c]-^ ^^<^1 7l2:-5rH 0.005-0.2% ^7}^t]., 
-^^o] 0 . 005%cl o:] o]: 13] 4^]- Til ^ ^ji 0 . 2%2.3zf-§l-TS Szt^-s}?]] ^^^sl" 



^^-71 Iti^- Cu^ 0.3%6l^>7> Hl-^^^>c]-. Mnsf Cu^ ^o] 0.3%c>1^6l 

37] 71- 7^;?! ^:a^>7l oi^7l xte^oit^ 

-^1-71 Mn, Cu^l- ^^Hl^ 0.5*(Mn+Cu)/S:2~20» ^^*>^ ^^^1 wl-^;^}^}^!-. 

S-^ Mn, Cu^ MnS, CuS, (Mii,Cu)S^ ^#sl^ejl, ^l&lfb Mn, Cu^ S 

""i^^^ ^ ^1^^ ^^<H1 14^1^ Mn, Cu^ ^7>wl (0.5*(Mn+Cu)/S(<==l7lAi , 

Mn, Cu, ^^^.^^%)7> 2ol>a-<^l s|^<^> -B-Slt!: -^^^^^l 'S'^^H, 20^31-^ ^-f-^l^ 

A^^-ol ^ufl^l-o^ ^y.;^^^^^^ ^-^^ <^1 i^j--^^ ;^1 ^ , ^vflol«j-^^ ;^l^o^ M.A^o] ^li).. 

0.5*(Mn+Cu)/S^ wl7> 2-20^ ^^<^l^i ^^3.71^ 0.2/mo1^>S a}-c>^l^i:-11 , 

0.5*(Mn+Cu)/S^ wl7> 7§ 7l^^S. -i^^l-^l n ^^^^ ^<g«-l ^El-:?!^!-. 

0.5*(Mn+Cu)/S^ til7> T^l-sHl^i^ (Mn, Cu)S^ ^-^^#1- ^cf pfl^ pj/^l"^ ^nS, CuS^ 
<^#-i--2l -g-^^l-Tl] $ol ^i^V^ ^^1^. 0.5*(Mn+Cu)/S^ wl7> 7M.^ ^^]^ 3L7] 
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:^l-c:>l7> ^-^<^l£. 1:^§>^ ^5L^7l- (MN, Cu)S^ 4"^^##c>l ^'^M7] 



<40> ^ ^1^^ ^^3.7]^ 0.2;canol^l-7> wV^:a]^>ii)-. 

<4i> ^ ^^^sfoi] Tx)-sTg MnS, CuS, (Mil, Cu)S^##^ 3.7]?} 2^> 



<42> 



i4o>7>, ^ ^1^^ 0.2^01^1-6:] A^##oi 4.5X1067I] oi^^ xifl ^ 



^oi^t-11 t!:;^i7l- $x^^ ^■^1^ ^cfl, ^i^^^l 1x1-21- ^^11^^^ ^1 ^i^oii^ 

^^^1^^ ^■^]^ ^^^^ -erl-Tcl-. 5E^, ^^^^ '=>ll A-l^ 0.5*(Mn+Cu)/S^ wl7> 2~7^ 

0.2^"^]^^ ^i^7> 2.2X108711 ol^O.^ ^711 ^tli\o] 7}^^i^ t)^ a.711 7fl'?d 



<43> 



<44> 



^ -^7]^ y^2^^^^ ^^^1-^ 7j-^ ^:?]:'y-<^2l- ^^-a"^^ #^11 ^:?]:^^^oil 

MnS, CuS, (Mn,Cu)S^#-l-^ ^■3-3.7l7> 0.2jMn <^1^"|-* ^^^>S-^ ^-^^ ^^<^] 91'^. '^^^ 
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<45> E'S^'y-'Ss:?!] 

llOOr^l-a-'^l Wl-^^^]-^. 7^7}<^^^7} 1100°Ci:'li?>^ ^-f-^l^ :^1\7}<^^^7} ^o} c^^^^,^ 

^] ^i^i^ 2:tflt!: CuS7l- ^^-erl -g-«fls|;^l ^^S. '^<^}9X'^ ^^'^^'^^^^IS St:)]^ 



<a-<a^S7l- Ars^Efl^jE xi]^^ ^^ofl^ 7}^^^o] ^^<^}^^ 



^^•y-^^ ^#1^ SOOr/min^l^o.^ ^1-^ ^ol lal-^^i^l-t:]-. ^ ^^ofl icj. 

el- 2^0.5*(Mn+Cu)/S^20^ ^V^i^^-S i^z^^ij]- 300°C/mini^l^olig ^$3.7l7> 0.2 

jcfln* ssifsll tflelrl-. Irsl-^^^ ^oi ^J-A^3r>o^ ^#1-«>1 i^l^ilsfl^l 

7l B^^<^lcf. 0.5*(Mn+Cu)/S7> 20^3z|-o^ ^^<^1^ ^fl7>^-§-;^oilA-l Pl-g-^fl^ ^tflf!: ^##ol 
^0} x^2Jf^^7} l:e1-:^l c-l Afl^^ tljo] aJv^^^i^ >[::7]. ^o:| A^^-.^ nlAileil;^l^l ^^t]-( 

S. 2b, 0.0045%C-0.15%Mn-0.012%P-0.006%S-0.05%Al-0.0019%N-0.13%Cu-0.43%Si). :£ 2^ ^BflH 
♦ ^zl-^:£7> 1:5^-^-^^^ a.7l7} t:i1a^1^11;^1:e.^ i^zlj-^j^o;] ;^lt!:* € 
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-S-fe a^-^M-, ^^^^7} 1000°C/min<^H>ol5l-J£ xi\ o]^ ^^]:^] ^o.^. 

S. 300-1000 °C/min7> v}^z\^.t]-. 



<49> 



<50> 



^7]^ ^^1 <S^S|-<atb «S^>^ 1^-11, ^#1^^^ 700°Col^l-7> 

wl-#2]^>4. €#1^:£7> 700 1:^^^ ^-f'^lfe ^##<^1 ^i:fl^l-7fl r^^^Sl-^^o] 



<52> ^^<a-<S^ 50-90%^ ^^-^ ^o] y3}^z\^}t]-, ^:it'^^}^o] 50%i:il^^ ^-fofl 

^^^S. ^ -^^^-^^o] 7]-5r}«l:t:].. ^tf^^-el^oy go%^3£\.o\ ^-fo]]^ ^^^^^^ -^^^Sj^li?]: 



<53> [<g^^^] 

<54> ^:£^^l^o:] 7fl^^^:^^;&>^^^^ tlrcf. ^ ^^<^lAi^ 500~900°C 

^ss. -^^^^^ ^^-i:^ , ^^^:£7> 900°C^^^ ^-f<=^l^ y(i\^^i 



^Vo]^ 7M:^o] ^^^r]-. w>^^^].7fl^ ^^^^A]^^ 10^-30^^ i^^tflS ^<^]^, 



21-14 



10^0030098745 



^ 'U^}: 2004/11/24 



<56> [-^-^1*^1] 

<57> i lo:| y^^^ :47}^^}Jl T^l-^B^'S^'^^tb ^ ^#ltb 1^^, 75%^ ^^V^S ^^'^^'S 

10°C/^^ 750°CS 40^ ^"^l: 7>«I*l-o^ *S^l-^4. ^^^^ ^l^^l^^ ^^^^ 2iA> 

^>7l ^-sfl ASTMfl-^CASTM E-8 standard)^! a^A]^o.s 7].^:5].^c^_ a]^^ "?l^^l-^7l 

(INSTRON-^l-, Model 6025)« ol-§-^l-^ ^^^y^S., <?l^>7j-:£, ^In^Crmit), ^ 

vflo]wj-^^ ;^l=^(Ari^) ^ 2^>7l-^^^^^ ^^^V^i4. ^7lA-l r„=(ro+2r45+r9o)/4, 
Ar=(ro-2r45+r9o)/2oli^. ^]^<^] 2%^ ^^^9l-ir 7}^ ^ 170°C<^l'^i 20^^ 

<58> IS. 1] 
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a 1, 2<=Hl^i ^mi~4(^^^d-)^ ^*5L7l7> 0 . 2jMnol ^>SAi ji^J-sojigA] 

^sl-^A^^ ^fl2^>7>^#lA^^^^ai|- 7>^^^o] ^^-^l-xzl-. 0.5*(Mn+Cu)/S^ 70] 

0.5*(Mn+Cu)/S^ w]7> 70] -^1-^ 3.7] p^}o]7} ^^^}JL ^^>7> ^ 



<61> 



<62> Al^8~10(^2fl7j-)^ ^2flo] IF7j-0.^ «J-47j-:£7l- ^^HbI-, 2:^>7l-^#| ^£ 

^> #^^1 ^^<^1 'U^'^ ^1-<>1 ^1=1-. 
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m^ ^^}: 2004/11/24 
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1020030098745 .^^y, 2004/11/24 

[^^%^ 1] 

0:0.003-0.005%, Mn:0.03~0.2%, 8:0.003-0.025%, Al : 0.01-0. 08%, N:0.004%<:>1 ^V, 
P:0.015%<:>1^V, Cu:0.005~0.2%, Si:0.1~0.6%, ^7] Mn, Cu, S7> cf^^ 2^:^ Mn+Cu<0.3, 
0.5*(Mn+Cu)/S:2-20* i?]:^^V51. i^tj^x] Pe ^ 7lBf ^7]-3x|t!: 2:^^J£1p^, ^ 

2] 

^1 1-%H1 SZ^^i^i, ^1-71 -^#1-^ MnS, CuS, (Mn.Cu)Sol:iL, 2.2X1067fl o]^o^ 

3] 

^1 1%H1 ^<>i^i, ^7] 0.5*(Mn+Cu)/S:2-7^^ ^2^}7}^^-^^o] -f^^ 

^^^sj-^ :n7j-:£ ^<^^J-*. 

[^^"%^ 4] 

^^%S C: 0.003-0. 005%, Mn:0.03~0.2%, 3:0.003-0.025%, Al :0.01-0.08%, N:0.004%^1^K 
P : 0 . 015%ol , Cu:0.005~0.2%. Si:0.1~0.6%, ^7] Mn, Cu, S7> ^-^^ S,:^ Mn+Cu^O.3. 
0.5*(Mn+Cu)/S:2-20» ^^^fJL, ^r>]:^] Fe ^ 7]^- M:7m^ ^^^S. 7j-^ 1100 °C 

^1^1-^ -^JtS ^]]7l-<l^ ^ p>^el Ars^Bfl;^ o]^i-o.^ '^^it'^'^^-^ 300 "C 

/min^l^l-^ ^^-sfjl yOO'C^l^H ^^<^]^^ t].^, 50-90%^ "li-^ 

^>JI. 500-900r ^S. ^^o]]Ai <g^^ = -g]-^ ,fl2x>7l-^#l-A^o] -o^^ 



21-18 



1020030098745 



^ 'U^}: 2004/11/24 



^1 ^o^Ai, ^7] ^<^^^%6]]^ MnS, CuS, (Mn,Cu)S^ ^##^^1 ^^B.7]7} 0.2fm 



oMS. ^1-71 2.2X1067]] ol^oj^ ^^^S. xfl2^]-7>^#lA^o] 

^^^^^ ^^S. 

6] 

^1 4-&J-0]] ^c>|Al, ^7] 0.5*(Jin+Cu)/S:2-7<y^ ^^i-^S. ^2^}7}^^^^o] -f^^ 
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^^ '^;^}: 2004/11/24 
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1020030098745 
[S 2b] 

0.5*(Mn+Cu)/S>20 




in /mm) 



^^ ^^f: 2004/11/24 
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